The compositions analysis on the various fossil fuels
Extra-heavy crude oil and crude oil were both from Saudi Arabia and supplied by Saudi Aramco. The extra-heavy crude oil, crude oil, diesel and petrol were all analysed quantitatively by gas chromatography-mass spectrometry (GCMS) and the results are shown in Supplementary Figure 5 .
The chemical compositions for petrol, extra-heavy crude oil and crude oil are given in Supplementary   Table 4 , 5 and 6, respectively.
Evaluation of energy efficiency
As a preliminary investigation, we carried out a detailed thermodynamic analysis of the deep dehydrogenation process of diesel to yield hydrogen and carbon, via Eq. S1:
Petroleum-derived diesel is usually composed of about 75% of saturated hydrocarbons (primarily paraffin, including n, iso, and cycloparaffin) and 25% aromatic hydrocarbons (including naphthalene and alkyl benzene). However, different content of diesel is found in different literature [1] [2] [3] . For simplicity, a specific diesel content was chosen for the calculation as follow:
Normal paraffin (60%): n-pentadecane (n-C15H32, 20%), n-hexadecane (n-C16H34, 20%) and nheptadecane (n-C17H36, 20%) Cyclo-paraffin (15%): 5%) , 5%) and 5%) Alkylbenzeners (15%) : 1, 3, 7%), and Diphenyl (C12H10, 8%) Indane: indane (C9H10, 5%) Naphthalenes: Naphthalene (C10H8, 5%)
Here, the n-hexadecane is taken as an example to show the calculation of energy request for the cracking process (Supplementary Figure 6) Table 7) .
Comparison of energy balance between microwave and conventional thermal methods
As shown in Figure 2d , the different levels of both catalytic activity and the hydrogen selectivity are found different between the microwave and conventional thermal methods. The energy balance of both methods is also compared based on our laboratory set-up. The results and experimental parameters are given in Supplementary Table 3. The energy balance of two processes were evaluated by the "Net energy balance" (NEB) ratio which simply gives the ratio of chemical energy derived from the products (energy out) to the energy invested (energy in) in the process 4, 5 . For simplicity, equating the energy out as the enthalpy of combustion of the hydrogen produced, and the energy in as the electricity consumed by microwave reactor and electric furnace, the net energy balance was calculated by the equations shown below:
Hydrogen density
The hydrogen density was calculated as following. Through the microwave-initiated catalytic dehydrogenation of various fossil fuels over Fe catalysts, the fuels were rapidly and deeply decomposed to hydrogen and solid carbon. The experimental hydrogen density of G value and V value was then calculated by the equations showing below:
Here, the mass of H2 is calculated from the collected gas volume and the H2 selectivity obtained by GC.
Dfuel refers to the density of fuel.
The theoretical hydrogen densities of various hydrogen storage materials are given in Supplementary * The number in parentheses shows the absorbed microwave power with corresponding NEB. **
The furnace used in the thermal method are pre-heated from room temperature (25 °C) to 550 °C by the heating rate of 10 °C /min. *** The energy out is calculated as the enthalpy of combustion of the produced hydrogen.
14 Supplementary Notes: * Assumption that there is no water formation during the diesel cracking; ** data of 1-dodecanol; *** data of n-decane; **** data of gas state; ***** data of 2,6,10,14-Tetramethylheptadecane
